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Abstract This study explores whether the marked sea-
sonality in pelagic productivity and phytodetritus fluxes to
the sea bottom in an Arctic fjord is reflected in variability
of benthic communities in terms of taxonomic composition
and standing stocks. Three stations located along the
Kongsfjorden (west Spitsbergen) axis were visited in four
seasons (May, August, October and January), and
meiofauna and macrofauna was sampled. The elusive
seasonal variability in benthic attributes contrasted with the
clear seasonal effects in organic matter productivity and
vertical fluxes (with diatom bloom-related peak in spring).
No consistent differences in meiofaunal and macrofaunal
density, diversity or composition among the four seasons
were detected by PERMANOVA tests. Possible responses
to spring food supply in meiofaunal reproduction timing
were demonstrated in variability in individual size of
Nematoda (decline in October after the maximum in
August), Harpacticoida (decline in May and increase till
October) and macrobenthic Crustacea (minimum in May).
The spatial patterns shaped by the environmental gradients
related to glacial inputs, the faunal impoverishment in
inner basin and a shift in dominants along the fjord axis,
were clearly designated and stable throughout the year. The
resilience of Arctic fjordic benthic community to marked
seasonality in pelagic phytodetritus fluxes may be related
to organic matter reserves in sediments (large enough to
sustain the detritus feeders on a year-round basis), inclu-
sion of macroalgal carbon into the diet and common
employment of lecithotrophic larva or direct development
by polar benthos.
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Introduction
Marine biological productivity in the Arctic is highly
constrained by the light availability (determined by solar
angle) and ice presence and thickness, which undergo
marked seasonal cycles (Wassmann and Reigstad 2011;
Berge et al. 2015). In the open ocean, organic matter is
produced by phytoplankton and ice algae. The ice algal
bloom takes place under consolidated ice in early spring,
with the phytoplankton in the water column, weeks to
months later after ice break-up (Søreide et al. 2013). The
timing of ice algae and phytoplankton production at the
base of the food web is vital for the quantity and quality of
biomass production, and for the transfer of energy to higher
trophic levels, as the trophic pathways of energy in this
system are strongly controlled by zooplankton grazing
(Søreide et al. 2013). In general, several Arctic studies
report elevated fluxes of organic matter to the seafloor (in
terms of quantity and quality of organic matter, indicated
by POC and chlorophyll a content, respectively) in spring
compared to the other seasons (Lalande et al. 2016; Juul-
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Pedersen et al. 2008; Reigstad et al. 2008; Zaja˛czkowski
et al. 2010).
In Arctic shelf seas, pelagic–benthic coupling is regar-
ded to be particularly ‘tight,’ i.e., the variability in benthic
stocks and processes are tightly linked to pelagic produc-
tion and vertical fluxes that was demonstrated in large-
scale studies of spatial variability of benthic communities
of Arctic shelf seas (e.g., Grebmeier et al. 1988). The
Arctic reports of benthic responses to seasonal fluxes of
organic matter from water column detected on a temporal
scale usually refer to a rise in sediment community respi-
ration rates. Such effects were documented after the sea-
sonal pulse of organic matter sedimentation in the Beaufort
Sea (Renaud et al. 2007; Link et al. 2011), in the Barents
Sea (Renaud et al. 2008) and in Greenland fjords (Rysgaard
et al. 1998). However, signals of seasonal increase in
sediment respiration do not necessarily indicate a similar
rise in the standing stocks or activity of meiobenthic or
macrobenthic communities. Rysgaard et al. (1998) attrib-
uted the most-observed effects of seasonal increases in
sediment oxygen uptake in Greenland fjords to the
microbial activities within surface sediments. Piepenburg
et al. (1995) estimated that in subtidal fine-grained Barents
Sea sediments, macrofauna only contributes 25 % and
meiofauna\10 % to the total oxygen uptake. The bacteria,
meiofauna and macrofauna of benthic communities may
respond differently to environmental impacts as reported
for meiofauna and macrofauna subjected to sediment dis-
turbance (Austen et al. 1989; Warwick et al. 1990) or for
bacteria, meiofauna and macrofauna response to season-
ality in environmental fluctuations in large rivers estuaries
(Aller and Stupakoff 1996). The few Arctic seasonal
studies that included analyses of sediment respiration and
macrobenthic biomass reported that a rise in sediment
oxygen uptake after the seasonal pulse of organic matter to
the sea floor was not accompanied by an increase in
macrobenthic biomass (Renaud et al. 2008; Link et al.
2011). Moreover, the results in the few studies on seasonal
variability in polar benthos standing stocks and taxonomic
composition are equivocal, often reporting no or little
seasonal effects (Echeverria and Paiva 2006; Ke˛dra et al.
2012).
Ongoing climate change is expected to lead to changes
in the sea ice regime, light penetration, water mass distri-
bution and stratification that will have repercussions on
primary productivity in Arctic seas (Wassmann and Reig-
stad 2011). However, the consequences for energy flow,
vertical fluxes and benthic communities remain uncertain.
The seasonal variability and the responses of benthic
community standing stocks and composition (that define
the basic constrains of the community functioning) to
strong seasonality of pelagial and ice algae carbon supply
to the seabed remain little understood which impedes the
predictions of the effects of the future changes. In
2012–2013, a comprehensive program of seasonal obser-
vations of pelagic and benthic systems was undertaken in
one of the Arctic (west Spitsbergen) fjords, Kongsfjorden.
The first reports documented clear seasonal variability in
pelagial productivity (Calleja et al. unpublished data) and
organic matter vertical fluxes to the bottom (Lalande et al.
2016), with little seasonal change in organic matter content
in surface sediments (Bourgeois et al. unpublished data).
Here we explore whether the marked seasonality in pelagic
processes is reflected in variability of benthic meio- and
macrofaunal communities in terms of diversity, taxonomic
composition and standing stocks.
Methods
Study area
Kongsfjorden (79N and 12E) is located on the northwest
part of Spitsbergen Island in the Svalbard archipelago
(Fig. 1). This fjord is oriented from southeast to northwest,
27 km long and 10 km wide at its entrance. The physical
settings and biological characteristics of the fjord are
reviewed by Svendsen et al. (2002) and Hop et al. (2002).
Kongsfjorden receives warm and cold water inflows from
the Atlantic and Arctic currents, respectively (Svendsen
et al. 2002), as well as freshwater inflow from four tidal
glaciers, in particular Kongsbreen (105 km2) highly
affecting the inner part of the fjord (Svendsen et al. 2002).
Whereas Kongsfjorden used to be seasonally ice-covered,
it has remained ice-free since 2006 following a major
inflow of warm Atlantic water into the fjord during the
winter of 2005–2006 (Cottier et al. 2007). The two fjord
basins are separated by the shallows of Lovennoyane, the
sea bottom in both basins is covered with homogenous mud
(Włodarska-Kowalczuk and Pearson 2004), while the
sediment accumulation rate decreases from
20,000 g m-2 year-1 in the inner basin to 200 g m-2 year-1
at the fjord entrance (Svendsen et al. 2002).
In 2012–2013, ECOTAB project undertook the com-
prehensive survey of seasonal and spatial variability of
environmental settings in Kongsfjorden, water column and
sediments. In four seasons (May, August, October and
January), three stations were studied. The inner station
(station A) was located at 1.4 km from head of the fjord,
under the direct influence of the tidal glacier inputs. The
middle station (station B) was located midway between the
tidal glacier and the ocean. The outer station (station C)
was located near the fjord mouth (Fig. 1; Table 1). Calleja
et al. (unpublished data) and Lalande et al. (2016) docu-
mented a strong seasonal variation in water column pro-
cesses. They show that in spring, a massive diatom bloom
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occurred, which was reflected in elevated export fluxes of
algal biomass to the seafloor. In summer and fall, the rel-
ative contributions of diatoms decreased and were replaced
by Dinoflagellata. Vertical fluxes of algal biomass also
decreased in other seasons. Only the export fluxes of total
particulate matter remained high at the inner station in
summer, because of the melting of glacier due to the
release of particulate matter associated with the glacier
melt. Surprisingly, despite the seasonal change in water
column processes, Bourgeois et al. (unpublished data)
documented a predominance of the spatial variability over
temporal variability in sediment organic matter, due to the
Fig. 1 Location of sampling
stations in Kongsfjorden
Table 1 Positions, depths and environmental characteristics at stations
Station A Station B Station C
Position 7853.53N, 1228.41E 7856.86N, 1155.59E 7859.07N, 1132.14E
Depth (m) 80 295 305
Bottom water temperature (C)a 2.64 ± 0.72 (1.7–3.4) 2.51 ± 0.57 (1.8–3.2) 2.73 ± 0.43 (2.2–3.0)












Chlorophyll a/pheopigments in surface sedimentsb 0.37 ± 0.2 (0.11–0.60) 0.18 ± 0.05 (0.09–0.24) 0.18 ± 0.06 (1.59–1.74)
POC in surface sedimentsb (% DW) 0.27 ± 0.06 (0.21–0.36) 1.07 ± 0.15 (0.79–1.27) 1.68 ± 0.05 (1.59–1.74)
Concentration of mineral suspensions in surface watersc
(mg dm-3)
275 25 20
Sediment accumulation rated (g m-2 a-1) 20,000 1800 200
Mean ± SD and min–max (in parentheses) are presented
Based on ECOTAB data [a Calleja et al. (unpublished data)] and b Bourgeois et al. (unpublished data) and other published studies from
Kongsfjorden (c Zaja˛czkowski 2008, d Svendsen et al. 2002)
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strong glacier influence. The particulate organic carbon
content in sediments decrease from about 1.5 % in the
outer basin to below 0.5 % in the inner basin (Bourgeois
et al. unpublished data; Włodarska-Kowalczuk and Pearson
2004; Kulin´ski et al. 2014).
Sampling, laboratory and data analyses
Materials were collected at the three stations located along
the fjord axis (Fig. 1; Table 1). Sampling took place in four
seasons in 2012–2013: spring (May 18–26, 2012), summer
(August 1–9, 2012), autumn (October 2–13, 2012) and
winter (January 8–19, 2013). The material was collected
from board of r/v ‘Oceania’ (summer) and r/v ‘Teistein’
(other seasons). At each station/in each season, 3 replicate
samples for macrofauna (with use of the van Veen grab,
0.1 m2 catching area) and 3 replicate samples for meio-
fauna (with use of the box-corer and a plastic syringe of
3.57 cm diameter (i.e., 10 cm2 sampling area) inserted
5 cm into the box) were collected. In October and January,
sampling was not conducted at station A due to naviga-
tional constraints. Samples for macrofauna were sieved on
board through a 0.5-mm sieve. Macrofauna and meiofauna
samples were fixed in a 4 % formaldehyde solution in
seawater.
In the laboratory, macrofauna samples were counted and
identified to the possible lowest taxonomic level. Wet
weights of macrofaunal taxa in samples were assessed with
use of laboratory balance. Meiobenthic samples were
centrifuged three times in a solution of colloidal silica
(Ludox TM-50) with a density of 1.18 g cm-3 and stained
in 4 % buffered formaldehyde solution with Rose Bengal
(Heip et al. 1985). All invertebrates that passed through a
0.5-mm sieve and were retained on a 32-lm sieve, were
counted, identified to the major taxa level and pho-
tographed with camera connected to stereomicroscope. For
each specimen, total length and width were measured using
digital image analysis. Only for the Nematoda, a random
subsample of 100 individuals from each sample was
measured using the semiautomated method of image
analyses (Mazurkiewicz et al. in press). Nematodes’ wet
weight was estimated using Andrassy’s formula (Andrassy
1956). For the other meiofaunal taxa, the volume was
calculated with Feller and Warwick’s (1988) formula:
V = LW2c, where (V) is the volume, (L) is the max body
length, (W) is the width, and (c) is the taxon-specific
coefficient. Wet weight was estimated using the equation:
WW (wet weight) = 1.13V.
Species (taxonomic) richness, defined as the number of
taxa in a sample (S), species diversity measured with the
Shannon–Wiener diversity loge-based index (H) and
evenness of distribution of individuals among taxa
expressed by the Pielou index (J) were calculated for all
meio- and macrobenthic samples. Individual biomass (IB,
wet biomass estimated for 100 individuals in each samples
based on dimensions measurements) was analyzed for two
dominant meiofaunal groups: Nematoda and Harpacti-
coida. Average individual biomass (AIB, calculated as
biomass divided by abundance) was assessed for dominant
macrofaunal higher taxa (Polychaeta, Mollusca, Crustacea)
and polychaete families (Cirratulidae, Lumbrineridae,
Oweniidae, Sabellidae, Spionidae, Maldanidae). Differ-
ences in univariate characteristics (density, S, J, H, bio-
mass, nematode and harpacticoid IB and macrofaunal taxa
AIB) among the three stations (A, B and C) and four sea-
sons (May, August, October and January) were tested using
the two-way PERMANOVA model based on a similarity
matrix created from the Euclidean distances among sam-
ples. When a significant effect of a factor (p\ 0.05) was
indicated by a main test, pairwise post hoc comparisons
were performed. When both a significant effect of a factor
and significant interaction between two factors (station and
season) were detected, pairwise tests for differences
between different levels of a factor were performed sepa-
rately within each level of the other factor, as recom-
mended by Anderson et al. (2008).
Bray–Curtis similarities were calculated for meiobenthic
higher taxa and macrobenthic species abundances in the
samples. The data were square-root-transformed, and
meiofaunal data were additionally standardized (prior to
transformation) to eliminate the effect of the very high
variability of the total abundances in samples. The patterns
of meiobenthic and macrobenthic composition were illus-
trated with PCO (principal coordinates analysis) ordina-
tions. In addition, PCO ordination was plotted for
macrofaunal samples collected at stations B and C to
explore the patterns of variability in the central basin. The
two-way PERMANOVA models (with two fixed factors—
season and station) were applied to the similarity matrices.
Both main tests and post hoc pairwise comparisons were
performed.
Relationships between environmental variables and
meiobenthic and macrobenthic density, biomass, species
richness and community composition were investigated
using the distance-based linear models (DISTLM) proce-
dure in PERMANOVA? (Anderson et al. 2008). The
environmental data were collected at the same station/
sampling dates as the benthic samples. The data have been
provided by Calleja et al. (unpublished data), Lalande et al.
(2016) and Bourgeois et al. (unpublished data). The dataset
of six environmental variables was used for the analyses:
total suspended matter and chlorophyll a concentration at
depth of maximum fluorescence in water column, tem-
perature and salinity of near-bottom waters, POC and
chlorophyll a concentration in surface (upper 2 cm) sedi-
ments. Four factors were also available but were excluded
2118 Polar Biol (2016) 39:2115–2129
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from further analyses due to strong intercorrelation in the
dataset (Pearson correlation [0.85): average total sus-
pended mater, maximum fluorescence in water column,
total organic carbon and chlorophyll a/pheopigments ratio
in surface sediments. Both marginal (all factors treated
independently) and sequential (factors added stepwise to a
model, and only an ‘added effect’ considered) tests were
performed. In sequential test, the forward selection proce-
dure based on adjusted R2 as a selection criterion was used
to determine the best combination of predictor variables.
This procedure first chooses the variable with the best
value of the selection criterion and then follows with
selecting the next variable that together with the first one
improves the selection criterion the best and so on. The
procedure stops when no further improvement in the
selection criterion is possible (Anderson et al. 2008). In the
statistical analyses results, effects with p\ 0.05 are treated
as significant, psF stands for pseudoF statistics.
Results
Meiofauna
Fifteen meiofaunal taxa were identified. Meiofauna was
dominated by Nematoda in terms of abundance (on average
96 % of all individuals in samples) and biomass (68 %),
followed by Harpacticoida (1 and 5 %, respectively) and
Polychaeta (1 and 20 %).
Only 10 taxa were found in samples collected at station
A (Table 2). Nematodes occurred with a mean density of
246 ind. 10 cm-2 and made 94 % of all collected
individuals (71 % of the meiofaunal biomass). They were
also the only taxon that occurred within more than 75 % of
samples. The other taxa that made relatively high numbers
in the glacial bay—Polychaeta, Turbellaria
(3 ind. 10 cm-2 on average) and Harpacticoida
(2 ind. 10 cm-2)—occurred with a frequency of 56, 22 and
11 %, respectively. All taxa were present at stations B and
C. Four taxa occurred in 100 % samples and 3 more taxa in
67–92 % of samples collected at station B. At station C,
two taxa occurred in all samples, and further 4 taxa
occurred in 75–92 % of samples. Besides nematodes (mean
density over 3000 ind. 10 cm-2 at station B and over
1300 ind. 10 cm-2 at station C), Polychaeta (31 and
17 ind. 10 cm-2, respectively), Harpacticoida (19 and
18 ind. 10 cm-2) and nauplii Copepoda (19 and
11 ind. 10 cm-2) occurred with large numbers of individ-
uals at these two stations.
Significant differences between stations but no seasonal
effect in density and taxonomic richness were identified by
PERMANOVA main test (Table 3). Density was the low-
est at station A (ranged from 11 to 757 ind. 10 cm-2) and
highest at station B (from 877 to 5172 ind. 10 cm-2,
Fig. 2). Number of taxa was significantly lower at station A
(2–5 taxa per sample) than at the other two stations (5–12
taxa per sample) with no differences between station B and
station C detected by post hoc pairwise tests. No effects of
either station or season were found for Shannon–Wiener
index of diversity or Pielou index of evenness. Total
meiofauna biomass varied from 0.01 mg 10 cm-2 (station
A in August) to 5.14 mg 10 cm-2 (station B in August).
Significant differences in total meiofauna biomass between
groups of samples defined by station and season as well as
Table 2 Frequency of
occurrence [F (%)], dominance
[D (%)] and mean density [avD
(ind. 10 cm-2)] of meiofaunal
taxa in groups of samples
collected at the three stations
(A, B, C)
Station A Station B Station C
F D avD F D avD F D avD
Nematoda 100 94.4 246.1 100 97.0 3319.9 100 94.6 1371.3
Polychaeta 56 1.2 3.2 100 0.9 30.8 100 1.2 16.6
nauplii Copepoda 11 0.4 1.0 100 0.5 18.8 75 0.8 11.2
Kinorhyncha 22 0.4 1.0 92 0.4 14.3 83 0.9 12.8
Bivalvia 33 0.4 1.0 67 0.1 1.9 42 0.2 3.4
Harpacticoida 11 0.8 2.0 100 0.6 19.3 92 1.2 18.0
nauplii Cirripedia 11 0.4 1.0 83 0.2 6.0 75 0.6 7.9
Tanaidacea – – – 17 0.0 1.0 42 0.1 1.0
Ostracoda – – – 58 0.1 2.0 42 0.2 2.2
Turbellaria 22 1.2 3.0 33 0.0 1.3 25 0.1 1.0
Priapulida – – – 8 0.0 1.0 – – –
Rotifera 33 0.5 1.3 8 0.0 2.0 17 0.1 1.0
Acarina 33 0.4 1.0 17 0.0 1.5 8 0.1 1.0
Cnidaria – – – 8 0.0 1.0 8 0.1 1.0
Priapulida larva – – – 58 0.1 1.7 8 0.1 1.0
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the significant interaction between these two factors were
identified by PERMANOVA main test (Table 3). How-
ever, the post hoc pairwise comparisons showed that the
only significant seasonal effects were produced by the very
high biomass at station B in August, and the significant
differences between August and the other seasons at this
station. Also the differences in biomass among stations
were significant only in August.
Nematode IB (individual biomass) in samples varied
from 0.005 to 25.615 lg wet mass, and it differed among
groups of samples defined by either station or season
(PERMANOVA main test, season: psF = 5.65, p = 001,
station: psF = 4.11, p = 0.012, season 9 station:
psF = 8.30, p\ 0.001). At station A, nematode IB was
significantly higher in May than in the other two seasons
(p\ 0.001). However, at station B, nematodes IB was
significantly higher in August (August 9 May p = 0.010,
August 9 October p = 0.002, August 9 January
p\ 0.001) than at other seasons. The mean IB at station C
was also the highest in August (Fig. 3); however, this was
not a significant difference (August 9 May p = 0.217,
August 9 October p = 0.203). Moreover, at stations B and
C, nematode IB was significantly lower in January than in
May or August (station B: January 9 May p = 0.029,
January 9 August p\ 0.001; station C: January 9 May
p = 0.010, January 9 August p\ 0.001). Harpacticoida
IB in all samples varied from 0.031 to 43.892 lg wet mass,
and it did not differ among stations; however, it differed
significantly among seasons (PERMANOVA main test,
season: psF = 48.78, p\ 0.001, station: psF = 2.32,
p = 0.108, season 9 station: psF = 5.09, p = 0.002). At
station A, Harpacticoida was noted only in May. At sta-
tions B and C in May, IB was the highest; however, at
station B, it did not differ significantly from that in January
and at station C from that in October. At stations B and C,
Harpacticoida IB was significantly lower in August than in
other seasons (p\ 0.001).
Significant differences in meiofauna composition
between groups of samples defined by station and season as
well as the significant interaction between these two factors
were identified by PERMANOVA main test (Table 3). The
fauna at station A differed significantly from that at the
other two stations in all seasons, while there were no dif-
ferences between station B and station C. The seasonal
contrasts were limited to a significant difference between
summer and autumn samples collected at station C (post
hoc pairwise PERMANOVA tests). A clear gradual shift in
meiobenthic composition from station located in the glacial
bay (station A) to stations located in the central basin
(stations B, C) was shown on PCO ordination (with 67 %
of total variation represented by the first two axes, Fig. 5).
Three variables were statistically significant in DISTLM
sequential tests applied for meiofauna community compo-
sition: chlorophyll a and POC content in surface sediments
and bottom water temperature. However, only the first two
factors remained significant in sequential tests (and toge-
ther explained 72 % of biological variability, Table 5).
Regarding the density and taxonomic richness, only bottom
water salinity was identified as significant factor in
sequential tests (and explained 43 and 63 % of variability,
respectively) with POC in sediments identified as a second
significant factor for density, but only in marginal tests.
Table 3 Results of two-way PERMANOVA tests for differences in
meio- and macrobenthic univariate [biomass, density, number of taxa
per sample (S), Shannon–Wiener index (H), and Pielou index (J)] and
multivariate (comp—Bray–Curtis similarity) characteristics among
stations (St) and seasons (Se)
Source df Biomass Density S H J Comp
psF p psF p psF p psF p psF p psF p
Meiofauna
St 2 24.2 0.000** 21.4 0.000** 16.3 0.000** 1.6 0.217 2.8 0.075 9.5 0.000**
Se 3 8.6 0.001* 2.3 0.099 1.7 0.201 2.5 0.087 1.6 0.221 1.9 0.02*
St 9 Se 4 2.9 0.046* 0.7 0.599 0.5 0.751 0.5 0.729 1.1 0.370 1.8 0.015*
Res 20
Macrofauna
St 2 0.0 0.969 11.1 0.001** 115.5 0.000** 19.1 0.000** 2.6 0.097 21.1 0.000**
Se 3 1.0 0.389 2.7 0.072 14.3 0.000** 1.7 0.176 0.6 0.574 2.3 0.000**
St 9 Se 4 2.3 0.085 5.5 0.005* 9.3 0.000** 0.6 0.677 2.7 0.054 2.6 0.000**
Res 20
psF PERMANOVA pseudoF
Significant effects: * p\ 0.05; ** p\ 0.001
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None of the analyzed environmental factors was signifi-
cantly correlated with variability in meiofaunal biomass.
Macrofauna
A total of 166 macrofaunal taxa were identified (mostly to
species level). The species list included 94 polychaete
(Polychaeta), 25 mollusk (Mollusca) and 28 crustacean
(Crustacea) taxa. These three taxonomic groups were also
the most abundant; polychaetes made 93 % of all indi-
viduals, mollusks—4 %, and crustaceans—1 %.
A total of 43 taxa were found in samples collected at
station A. Representatives of the two polychaete families—
Cirratulidae (with Aphalochaeta sp.—39 %, Chaetozone
setosa—3 % and Chaetozone spp—2. %) and Cossuridae
(Cossura longocirrata—26 %)—made almost 70 % of all
individuals collected at station A. A bivalve Yoldiella
solidula and a polychaete Chone spp. made the further
18 % and occurred at station A with 100 % frequency and
with much higher densities (34.5 and 24.3 ind. 0.1 m-2 on
average) than at the other two stations (Table 4). A total of
131 and 128 species were present in samples collected at
stations B and C, respectively. Lumbrineris spp. was the
only species that occurred in all samples at three stations,
but attained 10-fold higher numbers at stations B and C
(about 100 ind. 0.1 m-2) than at station A (about
10 ind. 0.1 m-2). Prionospio cirrifera, Maldane sarsi,
Leitoscoloplos mammosus and Galathowenia oculata
dominated the fauna at stations B and C in terms of
numbers of individuals, while they were absent or occurred
only incidentally in samples collected at station A
(Table 4).
The macrofaunal density was significantly lower at
station A (on average 326 ind. 0.1 m-2) than at the other
two stations (on average 826 ind. 0.1 m-2, significant
contrasts by PERMANOVA main test and post hoc pair-
wise comparisons, Fig. 4; Table 3). Significant contrasts in
the sample species richness among groups of samples
defined by station, season and the interaction between the
two factors were identified by the PERMANOVA main test
Fig. 2 Meiofauna density (ind. 10 cm-2), biomass (mg 10 cm-2), number of taxa per sample, Shannon–Wiener index of species diversity and
Pielou index of evenness in samples collected at three stations and in four seasons (Jan—January, May, Aug—August, Oct—October)
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(Table 3). Sample species richness was lower at station A
(19 species per sample on average) than at the other two
stations (52 per sample at station B and 51 per sample at
station C), and these contrasts were significant regardless
of the season. On the other hand, the seasonal effects on the
sample species richness were evident only in the increased
species richness in August recorded at station C (Fig. 3).
No effects of either station or season on macrobenthic
evenness (Pielou index) or biomass were detected with use
of PERMANOVA tests (Table 3).
Polychaete AIB in samples varied from 1 to 27 mg, and
it did not differ among groups of samples defined by station
or season (PERMANOVA main test Fig. 3). Mollusk AIB
did not differ among seasons, but it was significantly higher
at station C (3–80 mg) than at the other two stations
(1–21 mg). The higher AIB at station C resulted from the
Fig. 3 Nematoda and Harpacticoida individual biomass (lg WM) and Mollusca, Polychaetea, Crustacea and Oweniidae average individual
biomass (g WM) in samples. Mean and 0.95 % confidence interval are presented
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presence of few large specimens of Bathyarca glacialis.
For Crustacea, only the season-related differences were
observed; the AIB was significantly lower in May (1–4 g)
than in January (2–7 g) or in August (1–9 g). Among the
dominant polychaetes families (that were considered for
AIB analyses; Cirratulidae with AIB from below 1–13 g,
Lumbrineridae 1–16 g, Sabellidae 1–31 g, Spionidae
1–6 g, Maldanidae 7–29 g), the significant differences
related to either station or season were noted only for
Oweniidae (PERMANOVA main tests; season: psF = 3.9,
p = 0.021, station: psF = 26.5 p = 0.0001, season 9 sta-
tion: psF = 3.1 p = 0.022). Pairwise tests indicated
Table 4 Frequency of
occurrence [F (%)], dominance
[D (%)] and average density
[avD (ind. 0.1 m-2)] of
dominant macrofaunal taxa in
groups of samples collected at
the three stations (A, B, C)
Species Station A Station B Station C
F D avD F D avD F D avD
Aphalochaeta spp. 100 39 127.0 8 0 12.0 25 0 7.3
Cossura longocirrata 100 26 85.2 58 1 11.3 83 2 16.3
Chone spp. 100 11 34.8 83 0 4.0 92 1 4.5
Yoldiella solidula 100 7 24.3 25 0 3.0 42 0 3.2
Lumbrineris spp. 100 3 10.0 100 12 113.3 100 14 98.4
Chaetozone setosa 83 3 10.8 100 1 6.5 100 1 9.0
Prionospio cirrifera 17 0 10.0 100 36 336.3 100 25 176.7
Leitoscoloplos mammosus – – – 100 11 107.7 100 8 53.8
Maldane sarsi – – – 100 10 91.8 100 16 115.9
Galathowenia oculata 17 0 10.0 100 4 33.8 100 7 47.5
Microclymene/Clymenura – – – 100 4 36.0 92 3 21.0
Fig. 4 Macrofauna density (ind. 0.1 m-2), biomass (g 0.1 m-2), number of taxa per sample, Shannon–Wiener index of species diversity and
Pielou index of evenness in samples collected at three stations and in four seasons (Jan—January, May, Aug—August, Oct—October)
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significant contrasts in oweniid AIB between May and
January at station B and between May and January and
August and October at station C.
Significant differences in macrofaunal composition
between groups of samples defined by station and season as
well as the significant interaction between these two factors
were identified by the PERMANOVA main test (Table 3).
However, the only significant seasonal contrasts revealed
by post hoc pairwise comparisons were between May and
August at station A and between August and October at
station C. The post hoc tests performed for pairs of samples
defined by station showed that station A was significantly
different from other stations in all seasons, while the dif-
ferences between stations B and C differed depending on
the season (i.e., significant differences detected only in
August). On the PCO ordination, samples collected at
station A were clearly separated from those collected at the
other two stations (Fig. 5). The samples collected during
the two seasons at station A differed, while no effect of
seasonality was visible among the samples collected at
stations B and C—either on the PCO plotted for the whole
material or when only samples from those two stations
were used for the analyses (Fig. 5).
POC in surface sediments and total suspended matter in
water column were identified by DISTLM marginal tests as
significantly related to variability in macrobenthic
composition, with only the first one left as significant (and
explaining 57 % of biological variability) when forward
selection procedure was applied (Table 5). Bottom water
salinity and POC in sediments were identified as signifi-
cantly related to macrobenthic species richness, only
salinity (explaining 75 %) was significant in sequential
tests. None of the studied environmental factors was indi-
cated as significant in DISTLM models developed to
explain the variability in macrobenthic density and
biomass.
Discussion
Seasonal variability in benthic communities
No clear, consistent signal of seasonal variability in
standing stocks or diversity of meio- or macrobenthic
community was noted in the present study. Recently, Berge
et al. (2015) reported similar levels of macrobenthic
abundance and sediment community respiration rates in
deep Kongsfjorden basins in January and other seasons that
were characterized by higher supply of organic matter
produced in the water column. These observations in the
deeper (90–300 m) basins of the fjord agree with the pre-
vious report of Ke˛dra et al. (2012) who compared




samples. Data were square-root-
transformed (for meiofauna also
standardized). For macrofauna,
a PCO based on only samples
collected at stations B and C
(encircled on the main PCO
plot) is also presented. Symbols
represent stations and seasons
2124 Polar Biol (2016) 39:2115–2129
123
macrobenthic communities dwelling in shallow (5–25 m)
zone of Kongsfjorden soft bottom in winter (March) and
summer (August). Ke˛dra et al. (2012) found no significant
difference in abundance or biomass, and only slightly
lower species richness in the winter season that they
attributed to increased disturbance in shallow water pro-
duced by ice and storms. Similarly, Echeverria and Paiva
(2006) found little variability in macrobenthic community
attributes, despite the marked seasonal cycles in pelagic
productivity in Antarctic coastal water (Admiralty Bay).
For meiofauna, little response in the abundance was
recorded after the sedimentation of the spring phyto-
plankton at the Alaskan shelf by Fleeger et al. (1989) or in
a North Water Polynyas by Ambrose and Renaud (1997).
On the other hand, Pawłowska et al. (2011) reported a clear
signal of increased abundance and biomass of meiofauna
and macrofauna after the spring bloom at soft-bottom
shallow (30 m) station located in Adventfjorden, a small
basin influenced by a glacial river inflow. Also, Morata
et al. (2015) reported that in Rijpfjorden—a fjord located
off Nordaustlandet Island (Svalbard Archipelago)—the
macrobenthic biomass (at depths below 200 m) was lower
in winter (January) than that recorded by previous studies
performed in the same locality in summer season (Carroll
and Ambrose 2012). Macrofauna recovered with winter
sediments in Rijpfjorden also responded with a rapid
increase in bioturbation activity to experimental addition of
food that suggested sensitivity to pulses of fresh phytode-
tritus, following the spring bloom (Morata et al. 2015).
The absence of a clear response to seasonal variability in
organic matter supply in Kongsfjorden may be an effect of
the relatively high productivity and resulting year-round
high availability of organic carbon in the sediment of this
fjord. Mincks et al. (2005) postulated that large input of
carbon produced during the polar seasonal bloom together
with low rates of bacterial mineralization at low tempera-
tures may results in formation of a ‘food bank’—i.e., large
reserves of labile organic matter in sediments that can
sustain benthic communities at constant levels of abun-
dance and activity on a year-round basis. The ‘food bank’
hypothesis was supported by the lack of seasonal vari-
ability in macrofaunal densities (Glover et al. 2008) and
bioturbation activity (McClintic et al. 2008) despite the
clear seasonality in pelagial productivity and organic
matter fluxes to shelf sediments of West Antarctic Penin-
sula. The possible ‘food bank’-based insensitivity of
Kongsfjorden subtidal infaunal benthic communities to
seasonal changes in pelagial food supply may also stem
from the trophic affinities of the dominant species, espe-
cially the numerous subsurface deposit feeding polychaetes
that feed on the organic matter stored in deeper sediment
layers. Also, Renaud et al. (2015) reported that in Spits-
bergen fjords, the macroalgal detritus contributes consid-
erable portion of the diet of macrofaunal species. The
supply of organic carbon from the extensive kelp forests on
Kongsfjorden shallow banks (Hop et al. 2002) may occur
year-round and hinder the dependency of benthic con-
sumers on the seasonal pulses of pelagial phytodetritus.






number of taxa per sample) and
community composition (comp,




Var psF p R2 Var psF p R2 Var psF p R2
Meiofauna
Marginal tests
Chla 4.8 0.001 0.41 Sal 5.4 0.009 0.44 Sal 12.2 0.006 0.63
POC 2.9 0.017 0.30 POC 4.5 0.035 0.39 POC 6.3 0.043 0.47
Temp 2.6 0.03 0.27 – –
Sequential tests
Chla 4.8 0.001 0.41 Sal 5.4 0.014 0.44 Sal 12.2 0.005 0.63
POC 6.6 0.008 0.31 – –
Macrofauna
Marginal tests
POC 8.2 0.025 0.58 – Sal 16.4 0.009 0.73
TSM 3.7 0.025 0.38 – POC 9.9 0.029 0.62
Sequential tests
POC 8.8 0.045 0.59 – Sal 16.4 0.012 0.73
Only significant effects (p\ 0.05) are presented in table
psF pseudoF, Chla chlorophyll a concentration in surface sediments, POC particulate organic carbon in
surface sediments, TSM total suspended matter, Sal, Temp salinity and temperature of bottom water layers
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The occurrence, timing and magnitude of responses to
seasonality in phytodetrital inputs may largely differ
among the main benthic compartments. Gooday (2002)
reports that microorganisms (bacteria and protozoans)
usually show the strongest and rapid responses (increasing
both biomass and activity within days of the arrival of
organic matter pulses), while population level responses by
the metazoans are retarded and more elusive due to slower
turnover rate. The metazoan response may also be time-
lagged due to the stepwise processing of the phytodetritus
along the benthic food chains (as suggested for consecutive
bacterial and meiofaunal biomass increases after organic
matter supply in Mediterranean seagrass systems, Dano-
varo 1996). In macrofauna, the obvious population
responses to food pulses can be even more difficult to
detect due to the longer life histories (Gooday 2002) and
the longer food chains that link macrofaunal consumers to
phytodetritus (e.g., the link through bacteria and meiofauna
proposed by Ambrose and Renaud 1997). Drazen et al.
(1998) report that peak of macrofaunal densities occurred
about 8 months after peaks of maximal organic matter flux
and sediment community oxygen respiration at the abyssal
plain in northeast Pacific. Thus, even if occurring, the
metazoan response to phytodetritus pulse can be difficult to
record by the discrete sampling in the present study that
consisted of only four sampling occasions.
Seasonal signals in benthic organism size
In North Atlantic marine systems, seasonality in inverte-
brate populations results from the link between seasonal
peaks in reproductive intensity or seasonal recruitment and
spring/early summer inputs of phytodetritus (e.g., Gooday
2002). Pulsed food inputs can trigger a number of repro-
ductive processes: initiation of gametogenesis, develop-
ment of gametes, spawning and larval settlement.
Eckelbarger and Watling (1995) pointed to the primary role
of phylogeny in determining temporal patterns of benthic
invertebrate reproduction and proposed several possible
reproductive responses to pulsed food inputs including
spawning soon after phytodetrital inputs (e.g., in oppor-
tunistic polychaetes) or larval ontogeny timed to coincide
with seasonal inputs (species with planktotrophic larvae).
A possible link between life cycles and spring pulse of
fresh organic matter supply was suggested by the seasonal
changes in individual biomass of dominant meiofaunal
groups (Nematoda, Harpacticoida) in the present study. In
the outer basin, nematode individual size attained maxi-
mum values in summer (August) and declined in autumn
(October). Similar changes of nematode body size were
observed by Soltwedel et al. (1996) in deep Greenland Sea.
They documented increase in nematode body length and
volume from spring to summer and speculated that nema-
todes grow in size during spring and early summer and
reproduce in late summer and after the death of the adults,
the populations are dominated by small individuals in
September. The seasonal variability in Harpacticoida, the
second dominant meiofaunal taxon, was different, and the
average size declined from spring and summer to autumn
and again rose in winter (January). This difference in time
lag between the fresh food input and recruitment of the new
generations may be related to different reproductive cycle
employed by the two groups (including the larval stage in
harpacticoids as opposed to direct brooding by nematodes,
Dahms and Qian 2004).
The macrofaunal taxa demonstrated almost no seasonal
variability in average individual size. The significant
effects (declines in spring) were noted for Crustacea. The
seasonal cycles of benthic crustaceans in Spitsbergen fjords
are described by We˛sławski and Lege _zyn´ska (2002) who
reported the incubation of eggs during winter and hatching
period indicated the occurrence of the smallest individuals
in spring and/or early summer. The average size of mol-
lusks, polychaetes and dominant polychaete families (with
exception of Oweniidae) remained constant throughout the
year. The decline in oweniid size in May (station B) and
August (station C) may also be related to the oweniid life
cycle with maximum of larval occurrence in Arctic waters
in spring (Fetzer and Arntz 2008) and recruitment of
juvenile forms soon after. Kuklin´ski et al. (2013) who
studied the occurrence and abundance of benthic larvae in
water column as well as the timing of recruitment in a year-
round study in Adventfjorden reported that in general, the
benthic larvae were not synchronized in their occurrence in
their response to organic matter production peaks in the
water column, and benthic recruitment was observed year-
round with some groups (e.g., spirorbid polychaetes)
recruiting preferably in winter season (Kuklin´ski et al.
2013). Ambrose and Renaud (1997) found no obvious link
between phytodetrital pulses and recruitment of polychaete
species in the northwest polynyas. The relative indepen-
dence of reproductive cycles of Arctic benthic infaunal
species from the seasonality in pelagic production, as
suggested previously, may be related to feeding on sub-
surface reserves of organic carbon rather than fresh carbon
accumulating on the seabed (Eckelbarger and Watling
1995) and to lecithotrophy employed by a large number of
Arctic benthic invertebrates (Fetzer and Arntz 2008). A
trend of relatively rare employment of planktotrophy in
Arctic benthic species (as compared to lower latitudes) has
been recognized as the mechanism to avoid the conse-
quences of the miss-match between the larval dispersal and
short period of intensive pelagial production in polar
regions (Fetzer and Arntz 2008).
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Spatial patterns in fjordic benthos
The elusive seasonal variability in benthic community
attributes in Kongsfjorden contrasts with clearly defined
and seasonally stable spatial patterns. The fauna dwelling
in inner basin (station A) differs sharply from the one in the
central/outer basins (station B, C) in terms of univariate
(standing stocks, diversity) and multivariate (species
composition) characteristics. The faunal impoverishment in
inner basins in Kongsfjorden and other west Spitsbergen
glacial fjords has been hitherto documented in a number of
benthic studies [e.g., Włodarska-Kowalczuk et al.
(2005, 2012); Ke˛dra 2010 for macrofauna, Włodarska-
Kowalczuk et al. (2007); Sommerfield et al. (2006) for
meiofauna and macrofauna, Włodarska-Kowalczuk et al.
(2013) for macrofauna and Foraminifera]. It is related to
high intensity of physical disturbance coupled with low
food availability that results from tidal glacier activity
which together induces reduced growth rates of popula-
tions, elimination of sensitive species and declines in
diversity. The lower food availability for benthic con-
sumers in inner basins is an effect of the dilution of organic
matter in a large bulk of mineral material and is evidenced
in lower concentrations of organic carbon and photosyn-
thetic pigments in sediments (Włodarska-Kowalczuk and
Pearson 2004; Ke˛dra et al. 2010; Kulin´ski et al. 2014) in
the inner basin compared to those from the outer fjord. The
physical disturbance is produced by the high rates of
deposition of glacial transported sediments and unsta-
ble fluid sediments that are also occasionally resuspended
and/or redeposited by erosional depositional events and
iceberg scoring (Włodarska-Kowalczuk and Pearson 2004;
Zajaczkowski and Wlodarska-Kowalczuk 2007). High
sedimentation is destructive to benthic fauna because it
buries larvae and adult animals, impedes animals from
maintaining the optimum position in the sediment and
clogs feeding and respiratory organs of macrobenthic ani-
mals, especially filter feeders (Ahrens and Morrisey 2005).
The glacial impacts within the inner basin are evident in
the taxonomic composition of benthic communities. Fauna
at station A is dominated by cirratulid (Cirratulidae) and
cossurid (Cossuridae) polychaetes and protobranch
bivalves; these small mobile invertebrates are able to
selectively feed on detritus particles and are resistant to
sediment instabilities and mineral material sedimentation
(Włodarska-Kowalczuk and Pearson 2004). The tube-
dwelling, sedentary fauna is eliminated from the glacial
bays as they can be buried by redeposited sediments,
thereby impeding tube irrigation and leading to suffocation.
In the outer basin (stations B, C), the complex community
comprises taxa that represent a wider range of functional
traits and lifestyles. This shift in dominants (from cirrat-
ulids/corruids/yoldiids toward a complex community
including maldanids (Maldanidae) and spionids (Spi-
onidae), tube-dwelling polychaetes penetrating deeper
sediment layers) is reported in previous research that
covered a wider set of stations in these basins (Wlodarska-
Kowalczuk and Pearson 2004; Ke˛dra et al. 2010). The
meiofaunal community of inner basin station A was
strongly dominated by Nematoda with few representatives
of other groups, similar to other Arctic sites located close
to glacial or glaciofluvial inflows (e.g., Włodarska-
Kowalczuk et al. 2007). Nematoda includes a wide range
of morphological and functional forms and is often regar-
ded as resistant (as a group) to disturbances of various
nature and origin (Wieser et al. 1974). Experimental
studies showed that nematodes are able to actively migrate
through interstitial spaces in deeper sediment layers and in
this way withstand high sedimentation and burial by
deposited mineral materials (Schratzberger et al. 2000). In
the present study, the DISTLM analyses identified POC (an
indicator of the organic matter availability) and salinity (a
proxy of the distance to the glacier outflows), as the sig-
nificant drivers of benthic patterns, that further supports
previous interpretations of processes responsible for faunal
impoverishment in glacial fjords.
Conclusions
The relative resilience of benthic fauna to marked sea-
sonal cycles of pelagic phytodetritus fluxes supports the
‘Food bank hypothesis’ (Mincks et al. 2005; Glover et al.
2008) and recognition of fjordic environments as sinks of
organic matter. A recent report by Smith et al. (2015)
reports a very high rate of burial of organic matter in
fjordic sediments compared to other marine sedimentary
systems, which suggests that carbon reserves stored in
fjordic sediments largely exceed benthic community car-
bon demands. The inclusion of macroalgal carbon into the
diet and employment of lecithotrophic larva in life cycles
may further release the links between pelagial produc-
tivity and benthic seasonality. Our study failed to docu-
ment a consistent benthic response to spring pelagial
phytodetritus flux, but some observations point to possible
links specific for certain groups or taxa (nematodes,
owenid polychaetes, harpacticoids, macrofaunal crus-
taceans). Further studies that include observations per-
formed with higher temporal resolution, identification of
trophic preferences of various community components,
recognition of the details of the life cycles of benthic
species (including timing of larval dispersal and recruit-
ment and trophic requirements of benthic larvae), as well
as interactions among the species and taxonomic/ecolog-
ical groups are needed if we are to fully understand the
seasonality in Arctic benthic systems.
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